Abstract -The mathematical model of a three-phase voltage source pulse-width modulation (PWM) DC/AC inverter is non-linear, and in view of the traditional linear control strategy it can not meet the requirements of designing a high-performance inverter. What's more, when the loads are not pure resistive loads, the inverter further requires that the controller possess high-performance. This paper proposes a nonlinear control strategy for the inverter called Passivity-based Control. We can alter the inverter model in three-phase abc coordinate to two-phase synchronous rotating dq coordinate for establishing the port-control Hamiltonian (PCH) model for this system. We can control the distribution of energy in the system to achieve the control aim. Simulation results show that the passivity-based control method can make this system possess a level of high-performance that is both robust and dynamic.
Introduction
With the mature development of power electronics te chnology, DC/AC inverters increasingly play an import ant role in the electrical field, in areas such as UPS, Wind and Photovoltaic Power Generation, Static Var C ompensators, Active Power Filters, etc. Application to these projects requires good dynamic performance and strong robustness of the inverter etc. In view of the mathematical model in which the inverter is non-linea r, a nonlinear control strategy from the nonlinear struct ure of the system could make the system achieve bette r performance. Passivity control theory is an important means for studying a nonlinear system. The overridin g idea is to make the controller redistribute reasonable energy of the system's output, and we can use this a pproach to improve system performance [1] . The passi vity control algorithm is calculated from the PCH mat hematical model based on passivity [2] .
The paper is organized as follows. In Section the Ⅱ DC/AC inverter model is set up. Section att Ⅲ ends to passivity based controller design. The simulation results are shown in Section . Finally, Section states our Ⅳ Ⅴ conclusions. The topology of Three-phase Voltage PWM DC/AC inverter systems is showed in the Figure 1 . Assuming the resistance of the output reactor and the internal resistance of the system are seen as 1 R 
The DC/AC Inverter Model

The Mathematical Model of the DC/AC
C C C C = = = . From Fig.1 , we can obtain the mathematical model of the DC/AC inverter in three-phase abc coordinate that is , , As existing time-varying signal of the voltage and the current in the three-phase coordinates to the mathematical model of the system, so we can transform it to a two-phase synchronous rotating coordinate for convenient calculation as follows
S , q S are the switching functions in the d q -axis. 
The PCH Model of DC/AC Inverter
denote the total energy of the DC/AC inverter [3] . Equation (3) can be expressed as
Where
is the PCH model of the DC/AC inverter. With a skew symmetric matrix J expresses the interconnection structure of the system, i.e. = -T J J , and a symmetric positive semi-definite matrixÂ expresses the dissipation of the system.
Design Procedure of the Controller
We derive a PDE parameterized by the chosen matrices whose solutions characterize all the energy functions that can be assigned. Finally, from this family of solutions we choose one that satisfies the minimum requirement and compute the control. More precisely, the final objective is to find a static state-feedback control ( ) = u x b such that the closed-loop dynamics is a PCH system with dissipation of the form [4] ( )
Where the new energy function ( ) 
(6) and such that [5] (ii) (Integrability) ( ) K x is the gradient of a scalar function. That is
(iv) (Lyapunov stability) The Jacobian of ( ) K x , at x*, satisfies the bound
Under these conditions, the closed-loop system ( ) = u x b , will be a PCH system with dissipation of the form(5), where ( ) (
Furthermore, x* will be a locally stable equilibrium of th e closed-loop.
Controller Design
According to (4) The matching objective is achieved if and only if
where
and fixing the interconnection and damping matrices ( ) ( )
From (9), we obtain the equation expressing d S and q S as
In order to simply the design of the controller, we can take 1 A and 4 A are constants [6] .
In order to obtain the extremum of ( )
x x x x = x , the equilibrium condition is 
In order to guarantee that ( ) 
It is always a positive definite matrix, so the minimum condition is satisfied. Substituting (12) into (10) 
So we can obtain the inverter structure diagram based on a microcomputer with passivity control as 
Simulation of System
We simulate the system by using SIMULINK tools in MATALAB and assume the DC voltage as 600V, the resistance of the output reactor and the internal resistance of the system R as 0.2Ω, output reactor L as 10 mH , and the capacitor as 2200 F m .
We set the desired voltage in the d-axis and q-axis of three-phase output phase voltage with 311V and 0V, and when the load alters from 20Ω to 10Ω at 0.02 seconds, from 10Ω to 20Ω at 0.04 seconds, the waveforms are shown in Figure 3 . The voltage waveforms of three-phase output phase voltage, which under the conditions of Figure 3 , are shown in Figure 4 . From Figure 3 and Figure 4 , we can see that the system transition time is very short and the tracking effect ideal. When the load alters from 20Ω to 10Ω/2H at 0.02 seconds, from 10Ω/2H to 20Ω at 0.04 seconds, the voltage waveforms in the d-axis and q-axis are shown in Figure 5 , the voltage waveforms of three-phase output phase voltage are shown in Figure 6 . When the DC voltage is disturbed by random noise and the load alters from 20Ω to 10Ω/2H at 0.02 seconds and from 10Ω/2H to 20Ω at 0.04 seconds, the voltage waveforms in the d-axis and q-axis are shown in Figure 7 . The voltage waveforms of three-phase output phase voltage, which under the conditions of Figure  7 , are shown in Figure 8 . From Figure 7 and Figure 8 , we can see that the system possesses a level of highperformance that is both robustness and dynamic. 
Conclusions
Designing a passivity controller is simple, it has few adjustable parameters, and it's control effect is better. From the simulation effect, the passivity controller can make the system possess the high-performance that is both robustness and dynamic. This study on passive control theory applied in the DC/AC inverter system has important guiding significance for the specific design.
